Human behavior is a function of many variables and one of the problems of psychology is to predict as nearly as possible these variables; just in so far as these variables can be predicted and controlled, so far can human behavior be predicted and controlled. Many of these factors, it is well known, form the coenesthesic background of human behavior, that mass of organic stimuli which under normal conditions does not get across the limen of consciousness, but which profoundly influences mental content and human behavior. Now, as the mass of stimuli which go from organs is vitally connected with the physical health of these organs, and this in turn is closely connected with the chemical bodies present therein, it requires little imagination to appreciate the bond which must unite the science of psychology with that of chemistry-the title "constructive chemistry in the service of medicine" (1) might be changed to "constructive chemistry in the service of interpretation of human behavior." It was with the purpose of investigating one of these coenesthesic factors and with the hope of finding its bearing on the speech of a particular stammerer, that this investigation was begun.
LEON DtJPBE STEATTON
As nearly as can be determined he began stammering, in childhood, shortly after he began to talk very well, certainly by the time he was two and a half years old.
From the beginning the most noteworthy factor in his speech preformance was, that there would be periods in which he stammered almost incessantly followed by periods in which he stammered very little. On being taken to the country for the summer at the age of three, the new environment, unusual sights, etc., was accompanied by a great increase in stammering; by the time he had been there a month the stammering had nearly passed by; the entire days were spent in playing quietly in the open. These periods of fluctuation have continued as the subject grew older. At the age of six and one-half he was diagnosed by Prof. Edwin B. Twitmyer as a sub-breathing stammerer. At the time of the beginning of this investigation he was nine years one month of age and weighed 74 pounds. The diet has always been directed most intelligently and fresh air, exercise, etc., have been matters for daily consideration.
As time went on these fluctuations of stammering became closely connected with the body chemistry of the individual and particularly with his powers of elimination. Thus, it was noted, without exception that the times when he stammered very little came after an illness (such as grippe, bilious attack, etc.) in which purgatives (i.e., Sal Hepatic, cascara, castor oil or calomel) had been administered or, when there was no acute attack, but the general condition of excitability and peevishness (accompanied by much stammering) warranted this treatment. There was, then, the distinct indication that the difference in the elimination products ran parallel with the variation in speech performance, which fact might be of particular service in the treatment.
In the kind of elimination product which should be chosen for analysis it was very desirable to choose one that was the least affected by a slight change in diet and one which should serve as some sort of an index of metabolism. The saliva of stammerers has been ably investigated by Starr (2) ; the blood was hardly practicable and was strongly advised by against Prof.
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Edwin B. Twitmyer of the University of Pennsylvania; there remained the urine and feces, and from these the urine was chosen. Now which particular component of the urine should be taken was again influenced by that which should show the least change with slight change of diet, and for that reason creatinine and creatine were chosen.
GENERAL DISCUSSION OF CREATININE AND CREATINE
The literature on these subjects is very voluminous and rather contradictory. Creatinine appears normally in all urine, creatine at times. By Folin (9) one of the most fundamental facts concerning their excretion is that the amount excreted in urine per day is independent of the amount of protein taken in food and is wonderfully constant for each individual, though different for different individuals. During times of more intensive metabolism such as fevers (10) "the creatinine output is increased .... and though increased, still appears to to indicate the amount of a certain type of normal endogenous metabolism while creatine possibly indicates the amount of abnormal endogenous protein. " By some authorities (11) the appearance of creatine in the urine is related to (a) carbohydrate deficiency, (6) excess of protein; but as the amount excreted is not influenced by doubling the calorific value intake, it is concluded that whatever the origin it is not in the exogenous protein of the diet-this view that excretion of creatine is not necessarily connected with carbohydrate deficiency finds support and proof by Underhill (12) . AJI attempt has been made to relate the appearance of creatine in urine to acidosis but conclusion has been reached that acidosis per se is no factor (13) . Mac Leod (14) claims that creatine is in some way concerned in the formative metabolism of the cell, with its general growth and maintenance.
Since, in this investigation, little creatine was found, but for the most part creatinine, we are interested in creatine mainly because of its structural relationship to creatinine (which is the anyhdride of creatine) and the possible conversion of the one into the other.
LEON DUPRE STRATTON
What is the significance of low excretion of creatinine? We find according to Mellanby (15) that diminished excretion is due to-(a) disturbance of general circulation, (6) depressed activity of the liver. Of these two factors he claims that (6) is of far greater importance. Feinblatt (16) fixes the origin and significance of creatinine in the following statement:
because of its uniform rate of elimination even on a low protein diet, and of its relation to creatine, it furnishes a valuable index to the level of tissue metabolism. Of all non-protein nitrogenous products it is the least influenced by dietary factors. It is believed to be derived exclusively from creatine contained in all tissue of which the substance is the anhydride.
Benedict and Osterberg (17) claim also to have definitely established the origin of urinary creatinine from creatine in the metabolism of organisms and claim that the process is very slow requiring days or even weeks for its completion. This view is supported by Shaffer (18) who says that muscles are tissues hi which creatinine is formed and that urinary creatinine is formed in muscle from creatinine in proportion to the normal endogenous reactions of life. He disagrees with Mellanby that it is formed in the liver.
Behre and Benedict (19) believe that no creatinine exists in the blood or that it exists hi traces and that (a) it may be that the kidneys accumulate it or that (b) the kidney does it from some precursor in the blood.
Thus we find that there are many views as to the exact origin, nature and purpose of creatine and creatinine; it is not the purpose of this investigation to try to settle any one of these points. The fact that concerns us most is the undisputed connection of the excretion of creatinine with metabolism for as Mathews (20) says
The amount of creatinine excreted daily by human beings varies with the weight, muscular development, state of health, sex and age, and slightly with creatine and creatinine intake, but is almost or quite independent of protein intake of the body. These facts show that it has a very different significance from urea and that they stand in special relation to the fundamental metabolism of the body.
Since the quantity of creatinine excreted is so significant, it is necessary to determine what is considered the normal. The amount excreted in twenty-four hours is usually given in terms of "creatinine coefficient." This phrase is interpreted in two ways, one meaning the number of milligrams of creatinine per kilo body weight, the other meaning the number of milligrams of creatinine nitrogen per kilo body weight; it is used in the latter sense at all times in this paper and when references are given to other investigators, for the purposes of comparison, the results are given similarly.
Here again we find a great divergence of opinion and results. Much work has been done on the norms for adults but exhaustive studies of individual children over a long consecutive period seem to be lacking. For adults, Amberg and Morrill (21) give 6.71, 7.78, 9.94 and claim that it is dependent upon three factors (a) degree of muscular development, (5) muscle tonus, (c) proportion of adipose tissue. Schulz (22) gives 6.28 to 7.06 for adults; and points out that it is increased by muscular exercise of all kinds, for the time being, though not necessarily for the entire twenty-four-hour period. Shaffer (23) says that it is 8.1 upwards, at age of five or six it is one-half the adult, and accentuates it by the general statement that "children have a creatinine coefficient a great deal below this figure-8.1." Examples are given of isolated twenty-four-hour speciments in which the results are 4.1 to 6.3.
Krause (24) has reported some work on boys and girls but the results for the most part are in terms of milligrams of creatinine, i.e., the weight of the child is not reported. In those cases in which the weight is reported, the coefficient is 3.6 to 5.7. From this array of statistics from able investigators, it appeared that the subject under investigation gave the poorest speech performance when he approximated the "normal coefficient" and the best speech performance when the coefficient was above the norm.
However, Harding and Gaebler (25) have recently (1922) reported a study on children under high protein diet, and state
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that children produce per Mlo body weight as much creatine and creatinine as an adult man, and at nine to nine and one-half years the coefficient has been found to be as high as 8.89. This statement he reaffirms in his article in August, 1923 (26) . Now this study, though based on a limited number of children and carried out for a limited length of time, was carried out under rigorous conditions of diet. Other reports do not appear to have been made on more than one twenty-four-hour period with a given child and little is stated regarding the diet, other than the presence or absence of meat. These results agree far better with those of the present investigation; that is, we believe that the subject should give a creatinine coefficient of 8 or above, and experience has shown that the more nearly he approximates 8 and maintains it, the better is the speech performance. The diet given in these cases also corresponds to the diet given the subject, i.e., cereal, eggs, bread, butter, milk, potato, vegetables, sugar and oranges, with the exception of meat given five days out of the seven, which would increase urinary creatinine (27) .
With regard to the effect of the action of purgative on creatinine excretion, Burns (28) has found results similar to ours, i.e., the administration of a purgative causes increase in urinary creatinine.
The questions which were foremost in the mind of the experimenter were:
1. What difference will be found in urinary creatine and creatinine after purgative? 2. What effect will be the breathing exercises and the speech training given to stammerers have upon this excretion?
3. What general relation will there be found to be between his speech performance and these results? 4. If creatine or creatinine be found low or high on any given day is this loss or gain "made up" the next day or on any successive day?
To this end a preliminary study of creatinine, creatine, acidity, total acidity, specific gravity was made on about 500 samples or urine; these tests extended over three months. In this study it was thought that the yield of a given product at a given time might be significant and for this reason analyses were made on each separate excretion and results noted. During this period it was often difficult to obtain every specimen of a given day, as the subject would sometimes forget to use the receptable, or would lose a part of it, etc. For this reason table 1 does not contain successive daily totals although analyses were made every day excepting the two weeks stretch from August 13 to 27. This preliminary study served as an indication as to whether continued investigation might be fruitful and whether the excretions were ever as uniform as they are generally supposed to be (3) . The literature abounds with statements that the excretion of creatinine and creatine is wonderfully constant for each individual, though it varies with different individuals. That this was not indicated in this subject can be readily seen in the preliminary study where the value runs from 4.9 to 10.3 per day.
SPEECH TRAINING
The exercises for the correction of stammering were given twice daily-at rising 7:00 a.m. and on retiring 8:00 p.m. Great effort was made to secure the cooperation of the subject and the device of timing the number of seconds that each exercise was held was found to be an excellent expedient; then, to mark the improvement as time progressed, stimulated the interest of the subject so that he soon began to look upon the proper performance of his exercises in the nature of a game. Also the matter was put upon a salary basis by the parents, for the subject, which helped give spirit to the work.
Procedure
The exercises which varied only slightly from the regular procedure of the clinic, and then only in number, not in kind were as follows:
Hands on hips, heels together, head well up before an open window: I. Ten long, deep breaths. 
B+
No determinations were made from September 26 to October 16. The subject performed his exercises, but with little cooperation; was not interested; talking grew worse until on October 5, twenty-five counts of stammering were made in five minutes; this continued until October 18. II. "My first exercise is to take a deep breath and exhale it in three puffs"-which was said by subject and performed.
III. "My second exercise is to take a deep breath and say 'ah'"-mouth well opened, position of tongue noted, etc.
IV. "My third exercise is to take a deep breath and say "ee"-mouth extended as in a broad smile, teeth together.
V. "My fourth exercise is to take a deep breath and say "00"-lips projected fully.
VI. "My fifth exercise is to take a deep breath and say 'ee-ah."' VII. "My sixth exercise is to a keep breath and say 'ee-ah-oo.'"
Each exercise was repeated four times, the sentence being repeated as well as the vowel sound. It seemed best as time went on to increase the number of deep breaths, so before each time he repeated an exercise he took three "preparatory" breaths; this enabled him to hold the given syllable a much greater length of time. These exercises were followed by some recitation or slow speaking of difficult sentences, in which great attention was paid to careful enunciation. In the mornings only the ee, ah, oo, exercises were taken. The time given to exercises in the morning was ten to fifteen minutes; in the evening twenty-five to thirty minutes.
The speech scale
It was realized in the beginning that one of the most important features of this work was to reach some method by means of which one could state what the degree of stammering was on a given day. For this reason the work of outlining some sort of speech scale was begun seven months before the analysis of the urine.
The first idea was to make out a list of sounds upon which he most frequently stammered, make up some literature containing these sounds and get his performance of this task. This yielded no results.
The second plan was to have him read from a simple primer and count the number of times he stammered in a given length of time. The result of this was that he seldom stammered 338 LEON DTJPEE STRATTON when reading easy material; the material was made graduallymore difficult but no stammering resulted.
The third method was to have him tell a story in his own words, thus more nearly duplicating the conditions of ordinary conversation. This seemed to bring out the stammering very well and was used in remainder of the work. The procedure was simple, the subject was asked to tell a story and the number of stammers made during five minutes was recorded. It was tried for periods of time ranging from five to fifteen minutes butthe five-minute interval was believed to be the one which yielded the best results.
For a time careful tabulation was made of the stories chosen to see whether their emotional element would throw any light on the subject but since the stories were found to be those of the usual nine-year repertoire the subject matter was not considered indicative.
There is no doubt in the mind of the experimenter that as time progressed, the story telling of itself became a sort of training, but compared closely with the general daily performance, and with each other, over a limited period of time, it gives an excellent measure of speech performance in this subject. This was quintiled as shown in the table and is believed to be a real measure of speech. This is not given by the investigator as a rigid method of measuring stammering in all subjects or in one subject but is given as a method, which, when quintiled represents a true curve of speech performance.
It would be pleasing if it could be said, that here we have as accurate a measure of the stammering of the subject as we have of the measure of creatine, creatinine, etc.; but we are dealing here with a human equation which is variable in its reaction from hour to hour and even minute to minute. As James says (4): "The desire on the part of men educated in laboratories not to have their physical reasonings mixed up with such incommensurable factors as feelings is very strong"-and the fact that feeling is one of the factors in stammering is one of the reasons that it is so difficult to measure.
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In general then the story was told, the count taken, compared with the estimated performance during the day and the grade Method. The urine was preserved by the addition of a few drops of toluene immediately after each excretion. One cubic centimeter of urine was measured by means of an Ostwald pipette into 100 cc. volumetric flask. To another 100 cc. flask was added 1 cc. of the standard creatinine solution. To each flask was added 20 cc. of a saturated solution of picric acid, previously tested (6), then 1.5 cc. of a 10 per cent solution of sodium hydroxide from a burette. These were mixed and allowed to stand for eight minutes, then diluted to the mark with distilled water, and shaken thoroughly. Samples of these solutions were immediately transferred to the cups of the colorimeter; the standard solution was set at twenty mm. and the unknown measured against it, i.e., the depth of the prism in the unknown was regulated, until on looking through the eye piece of the colorimeter the entire field was the same color. If the reading of the unknown deviated from that of the known by more than five mm. the determination was repeated, using a suitable amount of urine.
All determinations were carried out in triplicate and usually quadruplicate. No more determinations were carried out with one standard than could be conveniently determined within a fifteen minute interval as it was found through experimentation that the standard and the unknown might fade unequally after that time. The known solution, set at a given mark was daily compared against itself to insure accuracy. Fresh standard solutions of creatinine were made up weekly; these solutions are however, remarkably stable, as those standing for a month have been checked up against freshly prepared solutions and still found to check exactly in the colorimeter.
Determination of creatine
The procedure followed here is the one recommended by Benedict (7) . It depends on the quantitative conversion of creatine to creatinine by evaporation to dryness with hydrochloric acid and subsequent treatment of creatinine so formed (and also that originally present) as previously outlined.
Procedure. A suitable amount of urine (1 or 2 cc.) was measured out by means of an Ostwald pipette; 10 to 20 cc. of $ HC1 were added; a pinch of lead to prevent pigmentation was added and the mixture evaporated on the steam bath. After evaporation, the residue was taken up with the minimum amount of hot water and washed, quantitatively, through a funnel containing glass wool; this filtrate was received into a 100 cc. graduated flask.
This solution which now contains the creatine converted into creatinine is treated in the same manner as described under creatinine, with the exception than a 10 per cent solution of sodium hydroxide containing 5 per cent Rochelle salt was used in the place of a 10 per cent solution of sodium hydroxide. The purpose of the Rochelle salt is to prevent a shadow on the colorimeter, due to traces of dissolved lead which might otherwise be present.
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The value obtained here represents creatine plus creatinine (in terms of creatinine); from which the value of the original creatinine was subtracted, which left the creatine (in terms of creatinine). These determinations were carried out in triplicate.
Determination of titratabh acidity
Twenty-five cubic centimeter of urine were taken, 5 grams powdered potassium oxalate added, and titrated with $ NaOH using phenolphthalein as an indicator. This figure calculated to the total volume of the urine per day gave the acidity of the urine.
Total acidity. (Formal titration.) After the acidity determination 10 cc. of a neutral solution of formaldehyde were added and the solution titrated with j § NaOH.
Specific gravity
Specific gravity was taken with a hydrometer and calculations made for total solids according to Hawk (8) .
Preliminary study
Weight of subject under investigation 72 to 74 pounds. Height 4 feet 9£ inches. The first day on which every specimen of a day was obtained was July 3; just previous to that date the subject had been talking poorly-Grade D. Cascara (5 grains) had been given on July 1, talking improved to C; his color was still bad and more cascara was given on July 4; creatinine coefficient became 10.3 on July 3; 9.10 on July 5; by July 7 his speech performance was of B grade, which continued until July 10.
With some slight fluctuations this fact is to be noted throughout the investigation; i.e., after a laxative, creatinine coefficient becomes higher, speech performance improves, creatinine coefficient may stay higher for a few days then go down followed by a decrease in speech performance. When the coefficient has been high, 8 to 9, it takes several days of a lower coefficient (6.5 to 7) before the speech performance goes down to a grade 342 LEON DtJPRE STRATTON of D; consistent low coefficient 5.5 to 6 accompanies D performance. Eleven total daily specimens were obtained before the speech training was begun and exclusive of July 3 and 5, which are patently the results of purgative, the average creatinine coefficient was 6.10.
Training for stammering was begun on July 23. The length of time he held the ee, ah, oo, at that time range from 15 to 20 seconds. The average of the first 10 total daily determinations during speech training (extending over a period of two weeks) with no purgative has increased the creatinine coefficient to 7.16. These days, like the preceding ones, were during vacation and spent out of doors. A slight improvement in speech is noted. The apparent effect of the exercises is to increase the creatinine coefficient.
On August 10 he went to the shore and preliminary excitement (which had been continuing for two or three days) throws the creatinine coefficient down to 4.73; speech grade D. No samples could be obtained until August 13 when the subject was talking very poorly, D; coefficient was 6.84; he was in new environment, among strangers, both of which things strongly excited him.
For two weeks then, no samples could be obtained; the subject had become more accustomed to the surroundings, but the unusual hotel fare, candy, etc., had brought about a bilious attack for which a purgative had been given two days before; the coefficient was then 6.97 but had no doubt been preceded by a much higher coefficient, and speech performance was B. He still appeared bilious and was contracting a cold and on August 29 more laxative was given; coefficient had fallen to 4.3; coefficient rose to 8.6 and speech improved.
On returning home, September 1, diarrhea developed and calomel was given, and on September 3, the constant was still high 8.6; speech performance reached a grade of A. This excellent performance continued until September 10, although school began on September 3 and subject was out of doors less. The coefficient became less and by September 10 was followed by decrease in speech performance. On September 11 longer speech training and extra deep breaths were begun and creatinine coefficient increased; speech performance kept a high level September 26 to October 15 it was impossible to make determinations, the exercises were continued but with less cooperation from the subject, he was not interested, impatient and peevish. The talking grew rapidly worse until on October 5 there were 25 stammers in the five minute story period-this grade of performance continued with little fluctuation until October 18.
Detailed study
On October 12, the detailed study which consisted of making analyses every day for forty-two days was begun, the creatinine coefficient was then 5.6; speech performance grade D. On October 15 far better cooperation was secured, 20 extra deep breaths were taken during the day and coefficient rose to 7 to 8.3 in three days and speech performance rose from D to B; the constant then fell somewhat, to 7.7. Here, there had been some excitement, he had gone to town, there were visitors in the home, and though the coefficient was fairly high (7.5) the speech performance was not so good.
The most important things to determine in this detailed study were (a) whether if creatinine be low on one day it is made up on the next-it was not; (6) whether a performance of a continued degree of excellence accompanied a fairly constant creatinine coefficient, under fairly constant conditions, i.e., lack of excitement. It was found that it did; (c) whether excitement was accompanied by decrease in creatinine and decrease in speech performance-in general excitement produced a decrease, not always apparent immediately in the creatinine because during periods of excitement the metabolism would be more intense, waste products greater, and creatinine coefficient should be higher to throw off the waste material.
